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Introduction
Training to obtain skills is generally considered a major element in skill formation, with educational institutions encouraging students to work with their curriculum and its assignments. Economists measure investment in schooling as the number of years spent in educational institutions, and firms train workers with the aim of increasing the ability of their workforce and obtaining higher productivity. In physical activities such as sports, training is likewise essential for obtaining results, and skills that are not used deteriorate rapidly. The deterioration of skills might be impeded by the use of these skills, not only with respect to physical activity but also with respect to mental activity.
The hypothesis that engaging in cognitive-demanding activities can prevent or impede age-related decline in cognitive abilities is known as the 'use it or lose it' hypothesis. This hypothesis appears to be both intuitive and plausible, with considerable appeal. However, Salthouse (2006) makes a careful review of the psychological literature on this topic but does not find much evidence for the validity of the hypothesis. According to Salthouse (2006) much of the literature fails to distinguish between the level of cognitive ability and the change in cognitive ability. Included in his review are studies that compare the cognitive ageing of experts and amateurs (e.g. chess players), and of narrow occupational groups as architects, physicians and university professors. This paper investigates the following conjecture: the deterioration of skills over age might be less pronounced in occupations with intensive use of cognitive skills than in occupations with more limited use of these skills. I test this hypothesis by analysing how measured skills and the use of these skills at work vary with age in major occupational groups in the workforce of 21 developed countries.
The level and use of cognitive abilities of the workforce is a topic of substantial interest. Cognitive skills are considered a major element in individual success in the labour market and society (e.g. Heckman et al. (2006) ). A substantial part of skill formation takes place in formal education and a major purpose of schools and educational institutions is formation of cognitive abilities (e.g.
Hanushek (1986)).
The data for the analysis is the PIACC survey, which is collected by the OECD. The survey measure 'information-processing' skills in three domains (types of skills): literacy, numeracy and problem-solving (use of information technology). The respondents answer questions in tests for these three types of skills and also answer items about the intensity of their use of these skills at work.
The aim of the assessment of cognitive abilities in PIAAC is that the cognitive outcome measures should reflect abilities amenable to policy initiatives. 1 The survey also contains information about occupational groups of employed workers according to the International Standard Classification of Occupations (ISCO). Although this classification contains ten major occupational groups (the 1-digit ISCO level), the number of respondents in each country is too limited for enabling analysis at the 1-digit level. To gain power in the analysis, I lump employed workers in each country into two groups according to their skill-level as measured by the 1-digit ISCO classification: 'high-skilled' workers in ISCO levels 0 to 4 and 'low-skilled' workers in ISCO levels 5 to 9. These two groups of workers classified according to ISCO levels are sometimes labelled 'white-collar' and 'blue-collar' workers (e.g. Heckman et al. (2006) , p. 428).
I show the variation in skill and skill use over age groups and occupations for each of the 21 countries in a condensed graphical analysis, which also displays the uncertainty in the form of 95 per cent confidence intervals. The combination of both averages and confidence intervals allows me to assess to what extent significant differences exist between skills and skill use across ages, occupations, and countries. In addition to the graphical analysis, I perform regression analysis for those ages that exhibit a negative relation between skills and age, that is, for the respondents aged 35 to 65.
Hanushek et al. (2015) analyse returns to skills on the PIAAC data and confirm that there are substantial returns to measured cognitive skills in the countries in the survey. However, to the extent that the 'use it or lose it' hypothesis is valid, regressions of current wages on contemporaneous measures of cognitive ability may be affected by reverse causality: individuals who secure highquality jobs with high earnings may tend to improve or maintain their basic skills (see Edin and Gustavsson (2008) for an elaboration of this hypothesis).
The data have several advantages as they are representative within countries and comparable across countries, and contain a relative large number of observations and a fairly large number of countries. However, as the data are cross-sectional, estimates of the change in cognitive ability with age are potentially biased. There are (at least) two phenomena that might result in bias in the estimates of the relation between cognitive skills and age from cross-sectional data. One is cohort effects, the other retirement. A separate section following the empirical analysis contains a discussion of the magnitude of the potential bias of the estimates.
The paper is organized as follows. Section 2 presents the data. Section 3 contains the results for reading ability and reading at work. Section 4 presents the results for numeracy, and section 5 presents the results for problem-solving. Section 6 discusses the results, including a consideration of potential bias of the estimates. Section 7 concludes.
The data
The data for the paper stem from the Programme for the International Assessment of Adult Competencies (PIAAC) data base. This survey of adult skills assesses the proficiency of adults aged 16-65 for the three measures of cognitive skills literacy, numeracy, and problem-solving in technologyrich environments. These skills are intended to measure 'key information-processing competencies' that are relevant to adults in many social contexts and work situations. Whilst data was collected for 24 participating countries, I use 21 in the analysis: Austria, Belgium (only Flanders), Canada, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Ireland, Italy, Japan, Korea, Netherlands, Norway, Poland, the Slovak Republic, Spain, Sweden, the United Kingdom (England and Northern Ireland) and the United States.
2 The data was collected from August 2011 through March 2012 in most participating countries.
Representative samples of the adult population were interviewed in their homes in the language of their country. Whilst questions were answered via computer, respondents with no computer experience could use paper and pencil. The interview included both a background questionnaire and questions for the assessment of cognitive skills.
2 Although Australia and Cyprus are included in the survey, the data are not present as public use files. The Russian Federation is omitted because the data according to OECD (2013a) are only preliminary.
According to the OECD (2013a), the assessment domains in PIAAC are as follows. Literacy is the ability to understand, evaluate, use and engage with written texts to participate in society, to achieve one's goals, and to develop one's knowledge and potential. Numeracy is the ability to access, use, interpret and communicate mathematical information and ideas in order to engage in and manage the mathematical demands of a range of situations in adult life. Problem-solving is the ability to use digital technology, communication tools and networks to acquire and evaluate information, communicate with others and perform practical tasks.
This paper uses the scores for these three measures of cognitive skills and the corresponding measures of skill use at work included in questionnaire (literacy, numeracy and problem-solving).
In addition, I use the background information on the age and occupation of the worker.
The countries use different sampling schemes in drawing samples of the adult populations and have different response rates of different groups of the adult populations. The data contains weights to align the respondents with the population, and I apply these sampling weights in all the analyses.
The respondents do not answer all items in the questionnaire. Estimates of individual cognitive abilities are based on both item response theory and statistical modelling including latent regressions.
These estimates of individual cognitive abilities are given in the data as ten 'plausible values' for each individual for each of the three measures of cognitive skills (literacy, numeracy and problemsolving). As the plausible values for each individual are correlated, valid estimates of variance estimators take this correlation into account. 3 Throughout the paper I use the 10 plausible values for each individual for the three measures of cognitive skills, and present standard errors that take into account both the sampling variability and the imputation variance associated with the plausible values.
The measure of the three skills in PIAAC is on a 500-point scale. I normalise scores by subtracting the country-specific means and divide by the country-specific standard deviations.
I investigate how both cognitive skills and the use of skills vary between occupations. The PIAAC database contains variables that indicate the occupations of the respondents according to the categories of the International Standard Classification of Occupations (ISCO). The ISCO numbers occupational categories so that the first digit indicates the major occupational category to which each occupation belongs. The 10 major occupational categories are as follows: (0) armed forces occupations,
(1) managers, (2) professionals, (3) technicians and associate professionals, (4) clerical support workers, (5) service and sales workers, (6) skilled agricultural, forestry and fishery workers,
craft and related trades workers, (8) plant and machine operators and assemblers, and (9) elementary occupations.
The number of observations per country is too small for me to trace a statistical significant development over age for each of the major occupations. I thus lump together the major occupations in two aggregate categories: (a) 'ISCO 0-4' containing major occupations from '0 army' to '4 clerical support workers' and (b) 'ISCO 5-9' containing major occupations from '5 service and sales workers' to '9 elementary occupations'. The first group, 'ISCO 0-4', thus contains the first five major occupations, whilst the second group, 'ISCO 5-9', contains the last five. In the rest of the paper, I denote the group of workers in the 'ISCO 0-4' category 'high-skilled' workers, and workers in the 'ISCO 5-9' category 'low-skilled' workers.
For most countries data contains age as a continuous variable, but for four countries age is reported only for age brackets (Austria, Canada, Germany and the US). For these four countries I construct a continuous variable by applying the midpoint of the age brackets as data points. I have replicated the procedure for the countries where the continuous measure is available and do not find large differences in the results.
Drawing on the answers on the use of literacy, numeracy, and problem-solving at work, I construct indices for the use of these three skills. I apply these indices in place of those indices for reading, 
Literacy and age
This section displays results for literacy skills and use of literacy in major occupational categories over age for each of the 21 countries. I display graphs for the literacy skills and use in different age categories, and I present regression results for the development of literacy skills and use with age. Figure 1 shows how the literacy score varies over ages and occupations in the different countries (listed alphabetically). I start with Germany, which is representative for most countries.
[ Figure 1 around here]
For the high-skilled workers in occupational categories ISCO 0-4, the literacy score in age category 16-24 is slightly above zero, which is the mean score for all workers in the sample for Germany. As previously mentioned, the scores for each country are normalized by subtracting the average score and dividing by the dispersion for each country. The score increases to about 0.5 in age category 25-34 and slightly more up to age category 35-44. However, the score decreases to a level of about 0.5 in age category 45-54 and even further to a level of about zero in age category 55-64. For the low-skilled workers in occupational categories ISCO 5-9, the literacy score in age category 16-24 is zero. The score decreases to about -0.5 in age categories 25-34 and 35-44, followed by a further decrease to a level slightly below -0.5 in age categories 45-54 and 55-64.
The vertical bars in the diagram illustrate the 95 per cent confidence intervals of the means. For example the upper limit of the confidence interval for high-skilled workers in age category 55-64 is below the lower limit of the confidence interval for high-skilled workers in age category 45-54. The decrease in literacy score is thus statistically significant. The same holds for the decrease in the score for high-skilled workers from age category 35-44 to age category 45-54. For low-skilled workers, there is a significant decrease in the literacy score from age categories 25-34 and 35-44 to age categories 45-54 and 55-64.
The lower limit of the confidence intervals for high-skilled workers is above the upper limit of the confidence interval for low-skilled workers for all age categories. Thus the differences in literacy skills between the two groups are statistically significant. A considerable difference exists between the curves for the literacy scores for high-and low-skilled workers. For several of the age categories the difference is around one, which is the standard deviation of the (normalised) literacy score. This observation underscores the importance of including occupational categories in analyses of literacy skills of employed workers.
Several of the literacy score patterns for Germany over age for both high-and low-skilled workers are also found for other countries. The highest literacy score for high-skilled workers is obtained in either age category 25-34 or age category 35-44 whilst older age categories exhibit lower scores (the only exception is Estonia, where age category 15-24 has the highest score). The literacy scores for high-skilled workers are always above the average except for age category 55-64, where the score is close to the average. Significant differences from zero for this age category appear in Finland, Japan and the Netherlands, with scores slightly below the average, and in the US, with a score slightly above the average.
The highest literacy score for low-skilled workers is obtained in either age category 15-24 or age category 25-34 whilst older age categories exhibit lower scores. In most countries, all of the literacy scores for low-skilled workers are significantly below the country averages except for age category 15-24, which often has a score close to the average. In all countries, low-skilled workers in the two oldest age categories have literacy scores significantly below the country average. The difference is large, about 0.5 or more. For age categories 25-34 and above, high-skilled workers have significantly higher literacy scores than low-skilled workers in all countries. Again, the difference is substantial.
At the beginning of the age distribution, all countries (except Estonia) exhibit an increase in the literacy score for high-skilled workers from age category 15-24 to age category 25-34. Many of these increases are either statistically significant or close to significant. In contrast, for all other age categories the literacy score is either at the same level or lower than that at the previous and younger age category -in many cases statistically significantly lower.
The likely reason for the increases in the literacy score for high-skilled workers from age category 15-24 to age category 25-34 is a composition effect. The high-skilled workers in age category 25-34
differ from the high-skilled workers in category 15-24. For example, many employees in major occupational category two (ISCO 2), professionals, have a tertiary education and often leave higher educational institutions after the age of 24 (according to table A1, age group 16-24 has a low employment rate of 43 per cent at age 16-24 compared to 77 per cent at age 25-34). This group, which scores high on literacy ability, is thus typically included in the group of high-skilled workers (ISCO 0-4), at ages 25-34, but not at ages 15-24. The number of persons belonging to the group of highskilled workers at age 15-24 is limited, a finding that is reflected in the comparatively large confidence intervals for this group.
The test of the 'use it or lose it' hypothesis appears in Table 1 , which contains the coefficients from a regression of the literacy score on a dummy for belonging to the group of high-skilled workers, age divided by ten, the interaction between the dummy and age, and the number of years of schooling. 5 As I focus on the decline in cognitive ability, I confine the analysis to workers aged 35-65. According to the graphical analysis, the decline in cognitive abilities in both the high-and the lowskilled groups begins by age category 35 to 44 in most countries, whilst the decline in some countries sets in at age category 25-34.
[ Table 1 around here]
The first column of Table 1 One reason for the decline in cognitive scores is that younger cohorts tend to have higher levels of education than older cohorts. Indeed, Table A1 in the appendix shows that the number of years of schooling declines with age from age 35 in all the countries in the sample. However, as schooling enters as an explanatory variable in the regressions for literacy skills, the coefficients to age is the association between literacy skills and age after accounting for the level of education.
The contention is that high-skilled workers have a higher use of literacy at work than low-skilled workers (we will see shortly that this contention is correct). If the 'use it or lose it' hypothesis is valid, high-skilled workers should thus exhibit a lower decline in literacy scores than low-skilled workers, implying a positive coefficient to the interaction term between age and the occupation dummy.
The coefficient to the interaction term estimates differences in the change in cognitive abilities over age between the group of high-skilled and the group of low-skilled workers. The analysis in this paper thus distinguishes between the level of cognitive ability and the change in cognitive ability, which is in contrast to much of the literature according to Salthouse (2006) .
According to the evidence from the coefficients to the interaction term in Table 1 I test the appropriateness of specifying the decline in reading scores as a linear function in age by including age squared as an explanatory variable. A faster decline in scores at later ages will yield a negative coefficient to age squared. The result of the specification test is that the coefficient to age squared is significantly different from zero for four out of 20 countries, where all four coefficients are negative (I do not report the results). Thus I conclude that the linear specification for the age variable is valid for most countries. As a further specification test, I enter the logarithm of the test score on the left-hand side of the regression instead of the level of the test score. This specification entails that the decline in scores with age is described as a relative decline instead of the absolute decline displayed in Figure 1 . The result is no difference in the significance of the coefficients: all significant coefficients in Table 1 are also significantly different from zero when the test scores enter in log form, and all insignificant coefficients are also insignificant under the alternative specification.
I next look at the use of reading at work (figure 2). For high-skilled workers, all countries exhibit a steep increase in the use of reading at work from age category 15-24 to age category 25-34 and in nearly all countries this increase is significant. However, afterwards the variation in the use of literacy at work over ages for high-skilled workers appears to be limited -several of the curves are essentially flat and there are few examples of significant differences in scores between age categories.
[ Figure 2 around here]
For low-skilled workers as well, all countries exhibit an increase in the use of reading at work from age category 15-24 to age category 25-34 that in many countries is significant. In some countries (e.g. the Nordic countries) the increase continues to age category 35-44. From age category 35-44, the curves for low-skilled workers decrease in several countries. The decrease is especially pronounced in Japan and Korea, which both exhibit sharp, significant decreases in the use of reading at work for low-skilled workers. In the other countries the curves are flat, except for the US, which exhibits a slight (albeit insignificant) increase.
The level of use of reading for high-skilled workers is higher than the average in all countries except for those in age category 15-24. Conversely, the level of use of reading for low-skilled workers is lower than the average in all countries for all age categories. Table 1 summarises the difference in the use of reading skills between high-skilled and low-skilled workers and how this difference develops with age. The column containing the coefficient for the dummy for high-skilled occupations shows that in all countries the use of reading skills amongst high-skilled workers is significant larger than that amongst low-skilled workers. The average difference is 0.892 standard deviations. Countries with significantly smaller differences between highand low-skilled workers in the use of reading at work include Japan, Korea and two of the Nordic countries (Denmark, Finland whilst Norway is borderline significant).
The column containing the coefficients on age shows that the use of reading for all workers declines with age in all countries (except for the US), and 16 countries have coefficients that are signifi-cantly below zero. The average decline is 0.107 standard deviations per decade, and only two countries (Korea and the US) deviate significantly from the average. The average decline in the use of reading for low-skilled workers is thus 0.321 standard deviations from age 35 to age 65.
The columns for the interaction term for literacy at work in Table 1 Thus the analysis of literacy skills and the use of skills at work shows very little evidence for the 'use it or lose it' hypothesis. There is a pronounced decline in the use of literacy at work from age 35 for low-skilled workers and a smaller decline for high-skilled workers. However, literacy skills declines substantially for both groups, and in most countries the decline for high-skilled workers is larger than that for low-skilled workers. In many countries, high-skilled workers thus show a lower decline in the use of literacy, but a larger decline in ability than low-skilled workers, a finding at variance with the 'use it or lose it' hypothesis.
Numeracy and age
I next look at the numeracy, with respect to both ability and use at work. As in the previous section, I present graphs for the scores for each country and the results of the regression analysis.
The scores for numeracy ability appear in Figure 3 , which in many respects looks similar to Figure   1 . In all countries, numeracy ability increases amongst high-skilled workers from age category 15-24 to age category 25-34, and in all countries the decline in numeracy ability sets in at either age category 25-34 or age category 35-44. The numeracy score of low-skilled workers decreases from age category 35-44 in all countries, and in many countries the decrease begins before this age level.
[ Figure 3 around here]
The numeracy score for high-skilled workers is above the country average in all countries except for age category 55-65, which is close the average. With one exception (Korea, where the scores for the two youngest age categories are above the average), low-skilled workers have numeracy scores below the country averages in all countries for all age categories. Most of the scores are significantly lower than the averages, and above age 45 all scores are significantly smaller than the average for all countries.
[ Table 2 around here] Table 2 shows the results of the regression analysis. High-skilled workers have a significantly higher numeracy score than low-skilled workers in all countries but one (the Slovak Republic) with an average difference of 0.430 standard deviations. The difference in numeracy scores is thus very close to the average difference for the literacy score of 0.468 standard deviations.
The numeracy score for low-skilled workers declines with age in all countries. This decline is significantly different from zero in 10 countries. The average decline in the numeracy score is 0.100 standard deviations per decade (0.309 standard deviations from age 35 to age 65), which also is close to the decline in the literacy score of 0.128 standard deviations.
The interaction term between the dummy for high-skilled workers and age is negative for 15 countries and significantly different from zero for six of them. Of the five countries with positive interaction terms, only the one for Japan is significant. The average decline in numeracy skills average is -0.047 standard deviations, which implies a skill loss for high-skilled workers of 0.147 standard deviations per decade (0.455 standard deviations from age 35 to age 65). Except for Japan, the evidence is that high-skilled workers lose numeracy skills at a faster pace than low-skilled workers.
The test of the validity of a linear decline in numeracy scores with age yields the result that the coefficient to age squared is significantly different from zero for three countries, where all three coefficients are negative. Figure 4 shows the use of numeracy at work for high-and low-skilled workers. The development of the use of numeracy at work for high-skilled workers is comparable to the use of reading for the younger age categories, where skills increase from age category 15-24 to either age category 25-34 or 35-44. From age category 35-44 the use of numeracy for high-skilled workers exhibits a decreasing tendency in most countries. For low-skilled workers the decrease sets in from either age category 25-34 or age category 35-44.
[ Figure 4 around here] Table 2 contains the regression analysis for use of numeracy at work. In all countries high-skilled workers use numeracy at work significantly more than low-skilled workers. The average difference in the use of numeracy at work is 0.786 standard deviations, which is smaller than the average difference in the use of literacy at work of 0.892 standard deviations.
For low-skilled workers the use of numeracy declines with age in all countries, and this decline is significant in all countries except Italy and Spain. The average decline is 0.134 standard deviations per decade (0.402 standard deviations from age 35 to age 65), slightly more than the decline in the use of literacy.
The interaction term between the dummy for high-skilled workers and age gives mixed evidence for differential development of the use of numeracy at work between low-and high-skilled workers.
The coefficient is positive for 11 countries and significant for four of them (Finland, Japan, Korea and the US) but negative for 10 countries and significant for two of them (Italy and Spain). The average coefficient to the interaction term is a moderate 0.010 standard deviations. The decline in the use of numeracy for high-skilled workers is 0.124 standard deviations (0.134-0.010), corresponding to a decline on 0.372 standard deviations from age 35 to age 65.
The average decline in the use of numeracy at work is smaller than the average decline in numeracy scores. For low-skilled workers the average decline in the use of numeracy is higher than the average decline in the numeracy score (0.134 versus 0.100 standard deviations), whilst the decline in the use of numeracy for high-skilled workers constitutes 84 per cent of the decline in numeracy skills (0.124/ 0.147).
The 'use it or lose it' hypothesis gains little support from the analysis of numeracy skills and the use of numeracy at work. In most countries the use of numeracy at work declines at about the same rate for both high-and low-skilled workers from age 35. However, numeracy skills also decline for both groups at approximately the same pace in many countries. Even though high-skilled workers use numeracy skills at work substantially more than low-skilled workers, for most countries there is no indication that high-skilled workers retain their numeracy skills to a higher degree than low-skilled workers. The only exception is Japan, where high-skilled workers lose numeracy abilities at a significantly slower pace than low-skilled workers.
Problem-solving and age
I next look at problem-solving, both the problem-solving score and the use of problem-solving at work. Problem-solving score for high-and low-skilled workers by age categories appears in Figure   5 . As three countries (France, Italy and Spain) decided not to participate in this part of the PIAAC survey, the assessment of problem-solving is done for 18 countries.
[ Figure 5 around here]
The problem-solving score is higher for high-skilled workers than for low-skilled workers in all age categories and in most cases significantly higher. The main exception is age group 15-24, where the difference is not significant in 10 countries.
In all countries the problem-solving score for high-skilled workers is higher than the average problem-solving score in the younger age categories and lower than the average in the older age categories. Low-skilled workers have problem-solving scores below the average in all countries from age category 35-44, whilst younger age categories typically have scores on or above the average. For high-skilled workers the decline begins in age category 25-34 with five exceptions where the decline sets in from age category 15-24. For low-skilled workers the decline begins from age category 15-24, with three exceptions where the decline begins in age category 25-34. Table 3 shows the results of the regression analysis of the problem-solving score. High-skilled workers have a significantly higher score than low-skilled workers in all but two countries. The average difference is 0.500 standard deviations, which is close to the difference for both the literacy and the numeracy scores. Norway and Sweden are the two countries with the highest difference in problem-solving scores between high-and low-skilled workers.
[ Table 3 around here]
The problem-solving score for low-skilled workers decreases with age in all countries and the decrease is significant in all countries except the Czech Republic. The average decrease is 0.266 standard deviations per decade, amounting to a reduction in problem-solving ability of 0.824 standard deviations from age 35 to age 65. The decrease in the problem-solving score over age is thus substantially larger than the reduction in either the literacy or the numeracy score.
The interaction term between the dummy for high-skilled workers and age is negative in all but two countries and significantly different from zero in three, whilst none of the two positive coefficients are significant. The average of -0.059 implies that high-skilled workers lose problem-solving abilities in an amount of 0.325 standard deviations (0.266+0.059) per decade or 1.008 standard deviations from age 35 to age 65. This amount of skills loss is thus substantially larger than the loss of literacy ability or numeracy ability.
The use of problem-solving at work appears in Figure 6 . High-skilled workers use problem-solving significantly more at work than the average worker in all age categories except category 15-24, where the use of problem-solving is close to the average in some countries (including all the Nordic countries). Low-skilled workers use problem-solving significantly less than the average worker in all age categories in all countries. A decline in the use of problem-solving at work typically begins in age category 35-44 for both high-skilled and low-skilled workers.
[ Figure 6 around here]
The regression results for the use of problem-solving at work appears in Table 3 . In all countries high-skilled workers use significantly more problem-solving at work than low-skilled workers. The average difference is 1.272 standard deviations, which is substantially more than the difference in the use of literacy and numeracy at work. The use of problem-solving for low-skilled workers declines with age in all countries and is significant in all cases. The average decline is 0.130 standard One reason for the differences in decline with age between problem-solving on the one hand and literacy and numeracy on the other, might be cohort effects. As younger cohorts have grown up with ICT, they might thus be better to solve problems in relation to this technology. Furthermore, younger cohorts might be more ready to use this type of technology at work.
Once again, the results for problem-solving are not favourable to the 'use it or lose it' hypothesis. In most countries no significant difference appears in the decline in the use of problem-solving at work between high-skilled and low-skilled workers. However, high-skilled workers lose their problemsolving ability at about the same pace as low-skilled workers or even higher. In no country are highskilled workers significantly better able to retain their problem-solving abilities than low-skilled workers. Despite a substantially more intensive use of problem-solving at work amongst highskilled workers, they are not better able to retain their problem-solving abilities than low-skilled workers.
Discussion
This section first discusses two phenomena that might result in bias in the estimates of the relation between cognitive skills and age from cross-sectional data such as that used in this paper. One is cohort effects, and the other is retirement. Second, I discuss two other topics: the decline in the use of skills over age, and the relation between age-earnings profiles and skill development over age.
The analyses have shown a more or less parallel decline in cognitive abilities for both high-skilled and low-skilled workers. High-skilled workers do not retain more of their cognitive abilities than low-skilled workers, despite their more intensive use of cognitive skills, a finding at variance with the 'use it or lose it' hypothesis. Two issues are pertinent in relation to potential bias. One is the possibility that despite the correlations that are present in the cross-sectional data, the decline in cognitive ability over age is an artefact. The other issue is whether high-skilled workers might have a slower decline in cognitive abilities over age than low-skilled workers despite the estimates to the contrary obtained by means of the cross-sectional data.
The cohort effect arises when cohorts have different levels of cognitive skills at the same age. The decline in cognitive ability over age, as shown through the cross-sectional data used in this paper, could arise if younger cohorts have higher abilities that older cohorts.
Many studies actually show an increase in cognitive ability for younger cohorts, a phenomenon named the 'Flynn effect' after the seminal contributions by Flynn (1984) and Flynn (1987) . A typi-cal estimate of the magnitude of the Flynn effect is an increase in cognitive abilities of 0.20 standard deviations per decade (Flynn (2000) ). This figure is higher than the estimates of the decline in cognitive abilities over age in this paper. 6 Given the magnitude of the estimated Flynn effect is valid for the countries analysed in this paper, I conclude that the higher measured cognitive abilities in the younger ages are due to cohort effects, that the apparent decline in cognitive abilities over age is an artefact, and that cognitive abilities consequently do not decrease with age.
However, no consensus exists about the magnitude of the Approximately 45 per cent of the items were identical across the surveys, implying that identifying both age and cohort effect is possible. Green and Riddell (2013) first estimate the decline in skills on the two cross-sections and then on the pooled data. As the younger cohorts have lower levels of cognitive ability than the older ones, this result is at variance with the existence of a Flynn effect.
The estimates on the cross-sectional IALSS data underestimate the decline in cognitive ability over age.
The other phenomenon that might result in bias in the estimates of the relation between cognitive abilities and age is retirement. In this paper I analyse employed workers in age categories both before and after the typical retirement age. Retirement can lead to either downward or upward bias in the cross-sectional estimates of the effect of age on cognitive ability for employed workers. An upward bias occurs if retirees have lower cognitive ability than workers, who continue in employment, because e.g. low-ability workers have more difficulties staying employed than high-ability workers.
A downward bias occurs if retirees have higher cognitive ability than workers, who continue in employment, because e.g. retirement is contingent on a desired level of pension and high-ability workers attain such a goal at a younger age than low-ability workers.
In principle, the decline in cognitive abilities with age for both high-and low-skilled workers as obtained from the cross-sectional data in this paper, could be entirely due to retirement. Such would be true if workers with high cognitive ability retire earlier than those with low cognitive ability within both the group of high-skilled workers and that of low-skilled workers.
The 'use it or lose it' hypothesis could be valid despite the evidence in this paper. The hypothesis could be valid if workers with high cognitive ability within the group of high-skilled workers retire earlier than high-skilled workers with low cognitive ability, whilst there is no differential in retirement behaviour between high-and low-ability workers within the group of low-skilled workers.
However, whilst the decline in cognitive ability for the two main occupational groups analysed in this paper begins at about age 35, a significant amount of transitions to retirement first begins after age 55. According to the sample statistics in Table A1 , the average employment share in the sample is 80 per cent for age category 35-44 and 79 per cent for age category 45-54. The substantial decline in cognitive ability between ages 35 and 54 thus cannot be due to differential retirement patterns amongst workers with high and low cognitive abilities. According to Table A1 a large number of workers leave employment between age category 45-54 and age category 55-65. The employment share decreases from 79 per cent to 51 per cent, corresponding to the retirement of about one third of the employed. Measured cognitive abilities amongst the two thirds of the workers who remain employed from age 45-54 to age 55-65 will thus be affected to the extent that the propensity to retire differs between workers with different cognitive abilities.
The conclusion with respect to retirement and cognitive ability amongst employed workers is thus that the substantial decline in cognitive abilities between age category 35-44 and age category 45-54 cannot be explained by retirement, as the employment ratio is the same in both age categories. In contrast, measured cognitive ability amongst workers of 55-65 years of age may be influenced by the considerable amount of retirement in this age category. However, I have reported specification tests, which show that a linear decline in cognitive abilities with age cannot be rejected for most countries. The decrease in scores for employed workers during the period of retirement from age category 45-54 to age category 55-65 is thus of the same magnitude as the decrease in cognitive abilities from age category 35-44 to age category 45-54, where retirement is limited.
This paper shows a considerable decline with age in the use of cognitive skills at work. There are (at least) two possible explanations for this phenomenon. One is that older workers chose tasks at work that do not have the same content of cognitive skills as younger workers. Employed workers have reduced incentives for retaining skills as retirement approaches and may thus invest less in activities that maintain cognitive abilities, a hyphothesis put forward by Rohwedder & Willis (2010) . Another explanation is that employers have a decreased propensity towards assigning older workers tasks calling for the intensive use of cognitive skills, for example, because older workers have fewer cognitive skills than younger workers.
This paper also shows that cognitive abilities for workers decline from about age 30 in most countries. However, wages are low at the beginning of the working life and continue to grow beyond age 30. Earnings profiles reach a maximum at an age (or labour market experience) much later than that when cognitive skills reach a maximum. Age-earnings profiles typically show that a maximum is reached after 25 years of experience in the labour market (e.g. Murphy & Welch (1990) ). However, returns to cognitive skills in the PIAAC data applied in this paper increases during the twenties but is essentially constant from age 35 (Hanushek et al. (2015) ). These observations raise the question of why earnings continue to grow after the decline in cognitive abilities has begun, whilst returns to these skills remain unchanged. One possible explanation is that other types of skills than those measured in the PIAAC data are valued by employers.
The literature on cognitive abilities includes various categorizations, including the distinction between 'fluid intelligence', which is involved in abstract reasoning and problem-solving, and particularly so with new content, and 'crystallized intelligence', which reflects conceptual and verbal knowledge primary acquired through education and other systematic learning opportunities. Whilst the level of fluid intelligence increases up to about 25 years of age, and declines thereafter, the level of crystallized intelligence grows, or keeps stable, during most of the life-time. 7 The age profile of the PIAAC cognitive scores is similar to the age profile of fluid intelligence but not to the age profile of crystallized intelligence, which is closer to age-earnings profiles. In addition to cognitive skills, other types of skills may be valued by employers and contribute to the growth of earnings over age (see e.g. Bowles et al. (2001) and Heckman et al. (2006) for a discussion of the importance of non-cognitive skills for labour market outcome).
Conclusion
This paper analyses the amount of measured skills and the use of skills at work in 21 OECD countries. The skills contained in the analyses are literacy, numeracy, and problem-solving. The paper looks at how both measured skills and the use of skills at work develop from age 35 to age 65 in two aggregate categories of occupations: a group of high-skilled workers (ISCO major occupations from 0 to 4) and a group of low-skilled workers (ISCO major occupations from 5 to 9).
When the level of education is taken into account, high-skilled workers have about 0.5 standard deviations higher scores for both literacy and numerical skills than low-skilled workers. Both types of skills decline with age by about 0.1 standard deviations per decade for both groups. The difference in the use of literacy and numeracy at work is about 0.8 standard deviations, and the decline in the use of skills at work is also about 0.1 standard deviations per decade. These findings are remarkably robust for the countries included in the analysis.
The paper investigates the conjecture that the deterioration of skills over age might be more pronounced in occupations with a limited use of skills relative to occupations with more intensive use of these skills -an implication of the 'use it or lose it' hypothesis. The analysis shows that skills for both high-and low-skilled workers deteriorate at approximately the same pace over age. The evidence in the present paper does not support the 'use it or lose it' hypothesis.
That investment in formal schooling at younger ages increases measured cognitive skills is well established. However, this paper shows that more intensive use of cognitive skills at work does not prevent a decline in cognitive skills with age. Notes: The number of observations is the number of employed workers with registered occupational status. ISCO 1-4 and ISCO 5-9 is major occupational groups 1 to 4 and 5 to 9. Education is the number of years of schooling. Sample weights are applied to calculate the shares and the number of years of education. Source: PIAAC. Occupation is a dummy variable taking the value one if the worker belongs to major occupational groups 0-4 and zero for major occupational groups 5-9. Interaction is the interaction between occupation and age divided by 10. The indices for skills and use of skills are normalized by dividing by the country specific standard deviations. Education is the number of years of schooling. Occupation is a dummy variable taking the value one if the worker belongs to major occupational groups 0-4 and zero for major occupational groups 5-9. Interaction is the interaction between occupation and age divided by 10. The indices for skills and use of skills are normalized by dividing by the country specific standard deviations. Education is the number of years of schooling. Occupation is a dummy variable taking the value one if the worker belongs to major occupational groups 0-4 and zero for major occupational groups 5-9. Interaction is the interaction between occupation and age divided by 10. The indices for skills and use of skills are normalized by dividing by the country specific standard deviations. Education is the number of years of schooling.
